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Among the oxidative enzymes related to
carbohydrate metabolism the nicotinamide
adeninc dinucleotide phosphate (NADP) -de-
pendent dehydrogenases are of specific interest
because of their close relation to the bio-
synthetic functions of reduced nicotinamide
adenine dinucleotide phosphate (NADPH)
(1). NADPH is produced from NADP by
NADP-depcndent dehydrogenases, mainly glu-
cosc-6-phosphate dehydrogenase (G6PDH)
and NADP-isocitric dehydrogenase (NADP-
ICDH), and is a co-enzyme in the following
biosynthetic reactions: (1) the enzymatic neu-
tralization of drugs and toxic substances; (2)
lipogencsis; (3) the enzymatic cleavage and
formation of disulfides, and (4) the formation
of hydrated steroids from steroid precursors
(1, 2, 3). While these various functions of
the NADP and NADPH-dependent system
have attracted a large number of investigators,
only a few studies of this system in the skin
have been reported (Hershey et al. (4—6),
Hashimoto (7) and Tanaka (8). Hershey and
co-workers showed that among all components
of the skin the sebaceous glands possessed the
highest activity of G6PDH and of NADP-
ICDH. Hashimoto demonstrated in adult hu-
man epidermis that the NADP-dependent de-
hydrogenases were located predominantly in
the upper layers, while suceinic dehydrogen-
ase was present predominantly in the deep
layers of the epidermis, and glyceraldehyde-3-
phosphate and lactic dehydrogenase were dis-
tributed uniformly throughout the epidermis.
Later, Tanaka obtained similar results in the
fetal skin of rats.
Since the activity of G6PDH has not yet
been determined on the skin of human embryos,
the present investigation was nndertaken. In
addition, the distribution of lactic dehydrogen-
ase (LDH) activity was compared with that
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of G6PDH because it indicates the site of the
Embden-Meyerhof glycolytic pathway, which
plays a much greater role in the skin than
the Krebs cycle (7, 9, 10) and seems to be a
major pathway of energy production of the
skin.
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MATERiALS AND METHOn5
The specimens were obtained from the chest,
scalp, axilla palms, fingers, soles and toes of twenty
human embryos, 10 to 18 weeks old. Each speci-
men was frozen with dry ice immediately after re-
moval, sectioned at l6p in a cryostat (—15° to
—20° C), mounted on glass slides and incubated
at 37° C in the reaction medium. The composition
of the reaction medium used for the demonstra-
tion of C6PDH and LDH, as shown below, repre-
sents a modification of the medium proposed by
Nachlas, Walker and Seligman (11, 12).
002 M Sodium glucose-6-phosphate
(0.5 M Sodium lactate for LDH) 3 ml
0.2 M Tris buffer pH 7.4 5 ml
Nicotinamide adenine dinucleotide phosphate(Nicotinamide adenine dioucleotide for
LDH) 5 mg/ml 1 ml
Nitro-blue tetrazobum 5 mg/mI 1 ml
Distilled water 5 ml
After 30 minutes of incubation, the sections were
dehydrated in graduate concentrations of alcohol,
passed through xylene, and mounted in Canada
balsam.
RESULTS
Epidermis. As long as the epidermis of the
embryo consisted only of the periderm and
of a germinative layer one or two layers thick,
no difference in the distribution of G6PDH and
LDH activities was noted. Thus, weak activity
of G6PDH and moderate activity of LDH ex-
isted throughout the periderm and the germi-
native layer (Fig. 1). Enzymatic differentia-
tion began at the time of appearance of the
hair germ and of stratification of the germina-
tive layer. At that time GGPDH activity in-
creased in the upper layers and eventually took
the superficial distribution pattern seen in the
stratified epidermis (Fig. 2).
Hair Germ and Hair Papilla During Their
Early Stage of Development. As the hair germ
grew downwards the connective tissue destined
to become the hair pnpilla showed increasing
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FIG. 1. Axilla of a 10-week-old embryo. Weak
G6PDH activity is present in the periderm (P)
and in the germinative layer (G). (>< 400)
FIG. 2. Scalp of a 14-week-old embryo. G6PDH
activity is considerable in the upper layers of the
epidermis (arrow), but weak in the lower layers of
the epidermis. The cells constituting the wall of the
hair canal (HC) are intensely G6PIDH positive. S:
sebaceous gland. H: hair. (X 400)
activity of G6PDH (Fig. 3). At the same time
also the hair germ began to show G6PDH ac-
tivity in its lowest portion destined to develop
into the hair matrix (Fig. 4). LDH activity
was considerable throughout the hair germ, but
was moderate in the hair papilla.
Sebaceous Gland. The sebaceous gland first
was observed at one side of the hair germ as a
G6PDH activity is shown in the hair papilla and
the basal cells of a growing hair germ. During the
most active period of growth of the hair germ, as
shown here, the papilla shows its greatest activity.
< 400)
FIG. 5. Scalp of a JJ-week-old embryo. The
sebaceous gland (S) is visualized as a small round
protrusion characterized by marked G6PDH ac-
tivity. The hair canal (HC) in its early stage of
development is shown as a narrow cord of enzy-
matic activity extending through the upper portion
of the hair follicle. The hair papilla and the hair
matrix also show an intense reaction. (X 200)
FIG. 3. Axilla of a 15-week-old embryo. The
dermis directly beneath a hair germ represent-
ing an early hair papilla shows moderate G6PDH
activity. (X 200)
FIG. 4. Scalp of a 12-week-old embryo. Intense
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small rounded protrusion with high activity of
G6PDH (Fig. 5). With further development of
the hair follicle the peripheral cells of the
sebaceous gland showed only slight G6PDIT
activity while the inner mature cells showed
greater G6PDH activity than any other cutane-
ous component.
Hair Canal and Outer Hair Sheath. Before
the hair shaft was formed the site of the future
hair canal consisted of a solid cord of cells with
high activity of G6PDH activity, extending
through the upper portion of the hair follicle,
from the level of the sebaceous gland to the
skin surface (Fig. 5). Even the cells comprising
the intraepidermal portion of the future hair
canal were easily distinguished from the sur-
rounding epidermal cells by their marked
G6PDH activity (Fig. 6). As the hair grew
Fm. 6. Scalp of a 13-week-old embryo. The intraepidermal portion of the hair canal (ar-
rows) shows high G6PIDH activity. (X 150)
Fin. 7. Scalp of a 16-week-old embryo. In a well differentiated hair follicle G6PDH ac-
tivity is still positive in the hair papilla (P), but has become negative in the hair matrix.
M; melamn of hair. (X 100)
Fio. 8. Scalp of an 18-week-old embryo. LDII activity shows a fairly uniform distribution
in the pilosebaceous system, although the peripheral cells of the sebaceous gland (8) possess
the highest enzyme activity. (X 200)
Fm. 0. Palm of on 18-week-old embryo. Cross-section of eccrine sweat ducts show G6PDH
activity in the inner cells, with the greatest activity being present along the cuticle of the
inner cells (arrow). (X 500)
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upwards from the matrix, the solid cord of
the hair canal changed into a tubular struc-
ture. The cells lixiing the tubular structure
showed high G6PDH activity (Fig. 2).
Hair Matrix, Inner Hair Sheath and Hair
Papilla During Their Late Stage of Develop-
ment. With the progressive downward growth
of the pilosebaceous unit the activity of G6PDH
gradually decreased in the hair matrix cells
and eventually ceased to exist (Fig. 7). For a
short time, G6PDH activity remained high
in the hair papilla even after the activity had
disappeared from the hair matrix cells; but it
gradually decreased also in the papilla until in
the papilla of the fully developed hair follicle
the G6PDH activity was lower than the LDH
activity. The hair shaft and the inner hair
sheath, however, continued to show moderate
G6PDH activity in their keratogenous zone.
In contrast to G6FDH, LDH showed high
activity throughout the pilosebaceous unit,
with the most pronounced activity being pres-
ent in the peripheral cells of the scbaccous
glands (Fig. 8). Similarly, LDH activity was
present uniformly in the epidermis and in the
ecerine sweat glands.
Eccrine Sweat Gland. During the earliest
phase of development of the ecerine sweat
glands their G6PDH activity corresponded
approximately to that of the lower layers of the
epidermis. As the lumina were forming in the
solid cords of the sweat duets, the activity in-
creased in the inner cells of the ducts (Fig.
9). After the lumina had formed G6PDH ac-
tivity was seen predominantly in the cuticle
of the sweat ducts, and only little activity in
the outer cells of the duets and the glandular
cells.
DIscUssION
The fact that the activity of G6PDH was
pronounced in the upper layers of the differ-
entiated epidermis, in the hair canal and in the
keratogenous zone of the hair suggests that this
enzyme is involved in keratinization. High
G6FDH activity along the lumina of the sweat
ducts seems to be correlated with the forma-
tion of the cuticle which is composed of kera-
tinized material (13). Keratinization is closedly
associated with lipid (14), the formation of
which requires NADPH (1). Thus, the marked
G6PDH activity within the sebaceous glands
seems to he related to the role of NADPH in
lipogenesis.
The presence of high G6PDH activity in
the hair papillae and in the basal cells of the
hair matrix at the time of development of the
hair suggests that G6PDH plays a role in hair
growth.
The uniform distribution of LDH activity
in the pilosebaceous structures, in the eccrine
sweat glands and in the epidermis suggests the
uniform presence of the Embden-Meyerhof
glycolytic pathway in the epidermis and its
appendages.
SUMMARY
(1) The presence of glueose-6-phosphate de-
hydrogenase and of lactic dehydrogenase ac-
tivities was demonstrated histochemically in
the skin of human fetuses 10 to 18 weeks old.
(2) Glucose-6-phosphate dehydrogenase ac-
tivity seemed to be correlated to keratinization
in epidermis, hair and sweat duct, to hair
growth and to lipogenesis in the sebaceous
gland.
(3) The hair canal showed high glucose-6-
phosphate dehydrogenase activity even in its
earliest stage of development, and it thus was
easily distinguished from the surrounding epi-
dermal cells.
(4) The hair papilla showed marked glu-
cose-6-phosphate dehydrogenase activity during
the early development of the pilosebaceous
unit, but lost this activity as development
progressed.
(5) Lactic dehydrogenase activity exhibited
a uniform distribution pattern in the epidermis
and the epidermal appendages.
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